Introduction
============

Infections are common complications in hematology patients. Patients with hematological malignancies are at increased risk of infections, not only because of the malignancy itself, but also because of neutropenia induced by intensive chemotherapy and its cytotoxic effect on the cells that line the gastrointestinal tract.[@b1-tcrm-10-743] The survival rate is related to the prevention and management of infectious complications. Febrile neutropenia is a complication of chemotherapy and should be taken into consideration in assessment of treatment choice. Infection risk of hematological patients with neutropenia has been assessed according to Infectious Diseases Society of America guidelines as being described high risk (prolonged neutropenia, \>7 days; neutrophil count ≤100/mm^3^; substantial concurrent comorbidity; clinically unstable) and low risk (neutropenia expected to resolve within 7 days). Whereas Gram-negative bacteria (GNB; eg, *Escherichia coli*, *Klebsiella* spp., and *Pseudomonas aeruginosa*) predominated in neutropenic cancer patients in the 1970s and early 1980s, Gram-positive bacteria (coagulase-negative staphylococci and viridans streptococci) gradually started to predominate in the late 1980s and early 1990s.[@b2-tcrm-10-743],[@b3-tcrm-10-743] In a case-control study by Pagano et al, risk factors for bacteremia in patients with hematological malignancies were found to be use of a central venous catheter and neutropenia for more than 6 days.[@b4-tcrm-10-743] Candidemia is still a serious disease in hematology patients, although the incidence of candidemia has reduced with the introduction of azole drugs in the 1990s.[@b5-tcrm-10-743] The candidemias generally develop endogenously through invasion of the gastrointestinal tract or as a catheter-related infection.[@b6-tcrm-10-743],[@b7-tcrm-10-743] It is recommended that an empirical antifungal drug be considered in patients at high risk who have persistent fever over 4--7 days of broad-spectrum antibacterial therapy and no identified source of fever.[@b8-tcrm-10-743]

The primary objective of this study was to report the incidence of bloodstream infections (BSIs) and clinically or microbiologically proven bacterial or fungal BSIs during neutropenic episodes in patients with hematological malignancies.

Materials and methods
=====================

In this retrospective observational study, all patients older than 14 years who developed febrile neutropenia during chemotherapy for hematological cancers in the hematology department between November 2010 and November 2012 were evaluated. The local ethics committee of Ministry of Health Okmeydanı Training and Research Hospital approved this study. Patients were included if they had experienced at least one neutropenic episode due to chemotherapy in the hematology ward. Patients treated for other hematological diseases (eg, anemia, idiopathic or immune thrombocytopenia purpura) or had not been screened by rectal swab culture for vancomycin-resistant enterococci (VRE) colonization while in the hematology ward were excluded.

The hematology department is equipped with 23 beds in single, double, and quadruple rooms without high-efficiency particulate air filters at the Ministry of Health Okmeydanı Training and Research Hospital, an 800-bed tertiary hospital in İstanbul, Turkey. In the hematology ward, patients and their attendants reside in the same room and share three toilets.

A weekly 1-hour instructional program regarding drug-resistant microorganisms and preventative measures was presented to patients and their attendants by a nurse and a doctor in the hematology ward. Febrile neutropenia was defined as an oral temperature \>38.3°C or two consecutive readings \>38.0°C for 2 hours and an absolute neutrophil count \<0.5×10^9^/L or a count expected to fall below 0.5×10^9^/L.[@b8-tcrm-10-743] The collected data included patient demographics and diagnosis, neutropenic episodes, clinical presentations and laboratory findings, antimicrobial treatments, microbiological data, and outcomes. In our hospital, management of febrile neutropenia is based on the clinical practice guidelines of the Infectious Diseases Society of America, the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group, and the National Institute of Allergy and Infectious Diseases Mycoses Study Group.[@b1-tcrm-10-743],[@b7-tcrm-10-743],[@b8-tcrm-10-743] The scoring system for risk of complications in febrile neutropenic patients was based on Multinational Association for Supportive Care in Cancer (MASCC) score.[@b8-tcrm-10-743]

Blood samples drawn from a vein or catheter were inoculated into BactAlert^®^ 3D bottles (bioMérieux Diagnostics, Lyon, France). In addition, samples of urine, sputum, wound, conjunctiva, abscess, blood, and catheter were inoculated onto 5% sheep blood agar (Salubris Inc., Istanbul, Turkey), or chocolate agar (Salubris Inc.) and MacConkey agar (Salubris Inc.). Isolated yeasts from blood cultures were identified by morphological examination on Sabouraud dextrose agar plates (Unipath Ltd., Basingstoke, UK), examination of germ tube formation, and API ID 32C (bioMérieux Diagnostics) for discrimination at the species level. An ATB Fungus 2 microdilution kit (bioMérieux Diagnostics) was used for susceptibility testing according to the Clinical and Laboratory Standards Institute (formerly National Committee for Clinical Laboratory Standards) broth microdilution M27-A2 protocol. An *Aspergillus* galactomannan antigen test was performed using a commercial enzyme immunoassay kit (Platelia™ Aspergillus immunoenzymatic sandwich microplate assay; Bio-Rad Laboratories, Marnes-la-Coquette, France). Blood samples from patients were analyzed twice weekly and the results were computed as an index whereby values ≥0.5 were considered as positive relative to an optical density of the control sample measured with a semiautomatic analyzer (enzyme-linked immunosorbent assay processor III; Dade Behring, Marburg, Germany).[@b9-tcrm-10-743] Possible causes of false-positive and negative results were excluded. The test was considered significant if the patient had two consecutive *Aspergillus* galactomannan antigen tests with an index of ≥0.5 under persistent or recurrent fever after 4--7 days of antibiotics with or without microbiological or radiological findings associated with fungal infection, as mentioned earlier, and the overall duration of neutropenia was expected to be more than 7 days.[@b8-tcrm-10-743] Catheters were removed if the patient did not respond to antifungal therapy, with deteriorating clinical, radiological, and laboratory findings. Catheters were not removed in patients who needed a central line to receive treatment intravenously due to trouble with the intravenous route.

Bile esculin azide agar plates containing 6 μg/mL of vancomycin (Becton, Dickinson and Company, Sparks, MD, USA) were used to screen the patients for VRE colonization. After inoculating rectal swabs, the plates were subsequently incubated aerobically at 35°C--37°C with 5%--10% CO~2~ for up to 48 hours. Samples from the patients were cultured at 2-week intervals. VRE colonization was defined as a positive culture from a rectal swab, and colonization continued until two consecutive rectal swab cultures were negative. Patients colonized or infected with VRE or carbapenem-resistant (CR) GNB underwent cohorting. A patient sharing a room with another patient colonized or infected with CR GNB was screened with swabs rubbed in the armpit, groin, and rectal areas. Invasive procedures performed in VRE-colonized patients included placement of chemotherapy port catheter lines or central line catheters and bone marrow biopsy during follow-up. Patients and their attendants were informed about resistant microorganisms and appropriate preventive measures by a nurse and doctor for 1 hour each week while residing in the ward. Patients were encouraged to use alcohol-based hand disinfectant after contact with contaminated or potentially contaminated materials and zones. Patients colonized with VRE resided in the same room. Health care workers were advised to use gloves and a gown when entering the room if contact with patient body fluids was possible. The hospital floors were cleaned daily with sodium hypochlorite (1,000 parts per million). Use of glycopeptide and antianaerobic antibiotics was restricted.

The therapeutic regimens that were active against *P. aeruginosa* included piperacillin-tazobactam, cefoperazone-sulbactam, and piperacillin-tazobactam in combination with ciprofloxacin, in accordance with local antibiotic resistance status. Antibacterial treatment was changed to either imipenem or meropenem or to other antibiotics effective against bacteria grown in the sample culture if the patient had a persistent fever after 2 days of empirical antibiotic therapy or had clinical, laboratory, and radiological findings. Vancomycin was administered according to the previously mentioned guidelines. Patients with VRE bacteremia were treated with linezolid 2×600 mg/day for at least 14 days. Patients with vancomycin-sensitive enterococci (VSE) were treated with ampicillin-sulbactam 8--12 g/day plus gentamicin 160--240 mg/day for at least 14 days. Patients who had bacteremia caused by CR GNB were treated with Colimycin^®^. The recommended dose of this drug is 2.5--5 mg/kg of colistin base per day, which equals 6--12 mg/kg of colistimethate sodium per day. The drug was administered as monotherapy or in combination with another active antibiotic (eg, rifampicin, aminoglycosides, tigecycline) for at least 14 days after receiving susceptibility results. Antibiotic doses were adjusted if the patient experienced hepatic or renal failure. Antifungal and antiviral treatments were not considered in this study, as they were not relevant to the aim or content of the study.

Empirical antifungal treatment was considered for patients with persistent or recurrent fever after 4--7 days of antibiotics and whose overall duration of neutropenia was expected to be more than 7 days. If computed tomography scans showed changes associated with fungal infection, liposomal amphotericin B or voriconazole was initiated. Voriconazole was continued as oral therapy after the infection responded to systemic therapy and the patient was able to receive oral therapy. Cavitation, the air crescent sign, and the halo sign were classified as the major changes for invasive pulmonary aspergillosis (IPA). Nodules and new infiltrates, including consolidation and effusions, were classified as minor changes.[@b10-tcrm-10-743] Possible IPA was defined as highly suggestive clinical and radiologic findings of infection without histopathologic and/or microbiologic evidence of infection. Probable IPA was defined as a positive culture for *Aspergillus* species from a respiratory specimen or two consecutive *Aspergillus* galactomannan antigen tests with an index of ≥0.5 and clinical and radiologic findings suggestive of IPA. Proven IPA was defined as histopathologic evidence of tissue invasion and damage by *Aspergillus* species with clinical and radiologic findings.[@b11-tcrm-10-743] First-line therapy was defined as the antifungal treatment given initially. Salvage therapy was defined as an antifungal therapy that was given after antifungal treatment that did not achieve clinical and microbiological responses. Posaconazole was used for primary antifungal prophylaxis and given as 200 mg orally three times daily with food and beverage, which increases the absorption of the drug during the time that the neutrophil count is decreased to below 1×10^9^/L subsequent to chemotherapy until recovered to 1×10^9^/L. Secondary antifungal prophylaxis was administered to patients who had received antifungal therapy previously for IPA as voriconazole 200 mg twice daily orally or posaconazole 200 mg three times daily during the time that the neutrophil count decreased to below 1×10^9^/L subsequent to chemotherapy until recovered to 1×10^9^/L. If patient could not receive oral therapy, secondary antifungal prophylaxis was administered intravenously. Antibiotic prophylaxis was not administered to these patients.

A treatment response was defined as resolution of fever in the 48--72 hours following the initiation of antimicrobial therapy and all laboratory findings and clinical symptoms related to infection. Inhospital mortality during the neutropenic phase and the clinical outcomes of febrile neutropenic episodes were the primary outcomes investigated in this study.

Statistical analysis
--------------------

Variables, including age and patient MASCC scores, are shown as the mean ± standard deviation and range. The infection-related mortality rate was calculated as the ratio of deaths affected by infections to the total number of included patients in the study year. The fatality rate of bacteremia caused by CR GNB was calculated as the ratio of deaths affected by CR GNB bacteremia to the total number of patients with bacteremia caused by CR GNB. Mortality rates related to invasive fungal infection (IFI) were calculated as the ratio of deaths affected by IFI to the total number of included patients in the study year. Mortality rates related to candidemia were calculated as the ratio of deaths affected by candidemia to the total number of patients with candidemia in the study year and two study years. Overall 30-day crude mortality rates were calculated as the ratio of deaths within 30 days of development of neutropenia to the number of included patients in the study year.

Results
=======

During the study period, 15 of 141 patients admitted to the hematology ward were excluded for not meeting the study criteria. In total, 282 febrile episodes in 126 consecutive patients with neutropenia were retrospectively analyzed during the study period, with 65 cases examined in the first study year and 78 in the second study year. The mean patient age was 51.73±14.4 (range 17--82) years and 60 patients were female. The mean MASCC score was 17.18±8.27 ([Table 1](#t1-tcrm-10-743){ref-type="table"}). The mean duration of febrile neutropenia was 29.38±6.95 days. During 282 febrile episodes in 126 patients, 66 (23%) episodes of bacteremia and 24 (8%) episodes of fungemia were recorded in 48 (38%) and 18 (14%) patients, respectively.

Bacterial BSIs
--------------

GNB caused 74% (n=49) of all bacteremia episodes. CR GNB (n=6) caused 12% and 9% of Gram-negative bacteremia episodes and all bacteremia episodes, respectively. Clinical and microbiological responses were achieved using either piperacillin-tazobactam or cefoperazone-sulbactam therapy in 76% (32/42) of the cases with bacteremia caused by carbapenem-sensitive GNB. A treatment response was achieved by switching from non-carbapenem-based beta-lactam antipseudomonal antibiotics to carbapenem-based therapy in 17 (25%) bacteremia episodes caused by extended-spectrum beta-lactamase (ESBL)-producing *Klebsiella pneumoniae* (n=5), non-ESBL-producing *E. coli* (n=5), ESBL-producing *E. coli* (n=2), non-ESBL-producing *K. pneumoniae* (n=2), *Ochrobactrum anthropi* (n=1), and *P. aeruginosa* (n=2).

CR GNB included *Acinetobacter baumannii* (n=4), *P. aeruginosa* (n=1), and *Serratia marcescens* (n=1; [Table 2](#t2-tcrm-10-743){ref-type="table"}). The fatality rate was 50% among six patients with bacteremia caused by CR GNB as a result of two deaths associated with CR *A. baumannii* and one case of death associated with CR *P. aeruginosa*. Colistin monotherapy was administered to two patients with CR *A. baumannii* and one patient with CR *S. marcescens*. One patient who received colistin monotherapy died. Colistin combined with rifampicin was administered to a patient with CR *A. baumannii* and a patient with CR *P. aeruginosa*. Colistin combined with sulbactam-cefoperazone was administered to a patient with CR *A. baumannii*, who died. The hematological cancers of those patients were acute myeloid leukemia (AML) in three cases, non-Hodgkin lymphoma in one case, multiple myeloma in one case, and acute lymphoblastic leukemia in one case. The IFIs of the cases who died of bacteremia were under antifungal treatment and regressing at the time of death. All patients with CR GNB were followed up and isolated in the hematology ward. Screen cultures from rectal, axillary, and groin sites were negative in these cases. CR GNB developed in these patients during carbapenem therapy used to treat febrile neutropenic episodes. Central or port line catheters were removed from patients who had bacteremia caused by CR GNB after identification. CR isolates developed during carbapenem therapy that was administered to treat febrile neutropenic episodes.

Fifty (39.68%) patients were colonized with VRE, and the mean number of VRE colonization days per patient was 34.27±13.12 days. VRE bacteremia developed in two (4%) patients during a total of 1,295 colonization days, including a male patient with non-Hodgkin's lymphoma who survived the infection and a female patient with AML who died from VRE bacteremia. The hematological malignancies in the patients with VSE-related bacteremia and bacteriuria were AML (n=3), acute lymphocytic leukemia (n=1), multiple myeloma (n=1), non-Hodgkin's lymphoma (n=1), and hairy cell leukemia (n=1). Two patients with VSE bacteremia died.

Fungal BSIs
-----------

Over the 2-year period, 18 cases of fungemia in 24 febrile neutropenia episodes, 19 cases of probable IPA infection in 25 febrile neutropenia episodes, 38 cases of possible IPA infection in 42 febrile neutropenia episodes, 30 cases of suspected IFI in 31 episodes, and five cases (5%) of hepatosplenic candidiasis were diagnosed and treated. Of the 24 episodes in 18 cases with fungemia, 15 episodes in ten cases occurred in the first study year and nine episodes in eight cases in the second study year. Previous azole exposure was recorded in 13 of 18 cases (72%) with bloodstream yeast infections. *Candida parapsilosis*, *Candida glabrata*, and *Candida albi-cans* isolates were resistant to voriconazole and fluconazole ([Table 3](#t3-tcrm-10-743){ref-type="table"}). Due to availability of posaconazole only in the second study year, patients could receive primary posaconazole prophylaxis. Only one patient with a colostomy could not tolerate because of diarrhea among 13 patients whom received primary posaconazole prophylaxis. Only seven (53%) patients required systemic antifungal treatment under induction or consolidation chemotherapy. Systemic antifungal therapy was administered owing to possible (n=13) or probable (n=6) IFIs in 16 of 38 (42%) and three of eight (37%) febrile neutropenia episodes among 26 patients who were administered secondary antifungal prophylaxis with oral voriconazole (n=17) or posaconazole (n=6) over 46 episodes.

Mortality
---------

Overall 30-day crude mortality rates were calculated as 50% (23/65) in cases diagnosed with AML (n=16), acute lymphocytic leukemia (n=5), multiple myeloma (n=1), or chronic myeloid leukemia (n=1) in the first study year and 21% (17/78) in patients diagnosed with AML (n=16), acute lymphoblastic leukemia (n=4), or non-Hodgkin lymphoma (n=1) in the second study year. AML was the most important risk factor in patients who died. The number of patients who died of infections was 17 (26%) in the first study year and eleven (14%) in the second study year. Methicillin-resistant *Staphylococcus aureus* bacteremia (n=2), vancomycin-sensitive *Enterococcus faecium*-induced severe sepsis (n=1), bacteriuria caused by vancomycin-resistant *Enterococcus faecalis* (n=1), and fungemia caused by *Trichosporon asahii* (n=3), *Candida kefyr* (n=1), *Geotrichum capitatum* (n=1), and *C. parapsilosis* (n=1) were the causes of death in the first study year. Probable IFI (n=1) and primary BSIs associated with CR *A. baumannii* (n=2), CR *P. aeruginosa* (n=1), non-ESBL-producing *E. coli* (n=2), vancomycin-sensitive *E. faecalis* (n=2), vancomycin-resistant *E. faecium* (n=1), *C. albicans* (n=1), and *C. parapsilosis* (n=1) were the causes of death in the second study year. Mortality rates associated with IFI were 7% (n=5) in the first study year, 3% (n=3) in the second study year, and 6% (n=8) in overall ([Table 2](#t2-tcrm-10-743){ref-type="table"}). The mortality rates related to candidemia were 33% (1/9 episodes) in the first study year, 22% (2/9 episodes) in the second study year, and 16% (3/18 episodes) overall.

Discussion
==========

BSI occurred in half of the study population during the study period. Bacteria, especially GNB, were responsible for the BSI episodes in our hematology patients, similar to previous studies reporting that GNB were commonly isolated pathogens in patients hospitalized due to cancer or other diseases.[@b12-tcrm-10-743]--[@b15-tcrm-10-743] Endogenous flora that contain mainly *Enterobacteriaceae* and other GNB in the gastrointestinal tract can cause bacteremia or candidemia episodes in patients with neutropenia due to breakdown of mucosal barriers secondary to chemotherapy.[@b16-tcrm-10-743] Of the bacteremia episodes caused by GNB, *Enterobacteriaceae* comprised the majority of isolates in accordance with breakdown of mucosal barriers secondary to chemotherapy. Whilst CR has been a big problem worldwide currently, carbapenem-sensitive and non-ESBL producing GNB predominantly caused bacteremia in the hematological patients.[@b17-tcrm-10-743] Age, duration of neutropenia, presence of an indwelling central venous catheter, hematological malignancy, previous use of cefepime, and use of total parenteral nutrition have been described as risk factors for BSI by multidrug-resistant GNB.[@b18-tcrm-10-743]--[@b20-tcrm-10-743] Prolonged neutropenia and use of multiple broad-spectrum antibiotics due to febrile neutropenic episodes admit of selection and colonization of resistant bacteria in the gut and other body sites of patients. Those colonized bacteria cause bacteremia episodes passing through the damaged mucosal barriers due to chemotherapy as occurred in our patients. Mortality rates associated with CR GNB have been reported to be between 40% and 65%.[@b21-tcrm-10-743],[@b22-tcrm-10-743] Acute Physiology and Chronic Health Evaluation (APACHE) score \>20, septic shock, and inappropriate antimicrobial therapy are independent risk factors associated with mortality due to BSI caused by multidrug resistant GNB.[@b19-tcrm-10-743]--[@b21-tcrm-10-743] Chemotherapy port catheter lines in patients who had CR GNB were removed in accordance with the guideline.[@b8-tcrm-10-743] Infection control measures and antimicrobial stewardship are the basic measures used to control these multidrug-resistant microorganisms. Due to the fact that frequent and prolonged use of carbapenems and other broader-spectrum antibiotics have been increasing antibiotic resistance worldwide, non-carbapenem antipseudomonal antibiotics, including piperacillin-tazobactam and cefoperazone-sulbactam, which achieved clinical and microbiological responses in three quarters of the cases, should be chosen for febrile neutropenic episodes in hematology patients. Only one quarter of the cases needed carbapenem therapy.

Persistent fever, which is not a reason to escalate antimicrobial therapy to carbapenems, often prompts physicians to switch to carbapenem-based therapy in hematology patients with the idea that delayed broader-spectrum antibiotic therapy can cause fatal consequences.[@b8-tcrm-10-743],[@b15-tcrm-10-743] Infection control measures, including cohorting, environmental decontamination, contact precautions, surveillance, and screening of the patients who shared the room with other colonized or infected patients with CR-GNB or VRE are likely to have reduced the infection associated mortality rates and resistant bacteria related infection rates in our ward during the study period.[@b23-tcrm-10-743]--[@b25-tcrm-10-743] Mortality rates have been reported of different values with colistin monotherapy and combination therapy. Severity of illness and presence of comorbid risk factors, as well as timely and appropriate initiation of colistin, have been reported to influence patient survival.[@b26-tcrm-10-743]--[@b28-tcrm-10-743] Colistin was recorded as monotherapy and combined therapy in our patients who died as well.

Although Enterococcal bacteremia is the third or fourth most common cause of nosocomial bacteremia depending on the region, and its rates are increasing worldwide, VRE bacteremia developed in only two of 50 (4%) patients colo-nized with VRE.[@b29-tcrm-10-743] VRE bacteremia is reported to be more closely related to the severity of the patient's condition than to the pathogenicity of the bacteria.[@b30-tcrm-10-743] The low frequencies of invasive procedures, including placement of chemotherapy port catheters and bone marrow biopsies, were likely to have reduced VRE-related BSI rates in the patients colonized with VRE. The VRE colonization rate was up to 40% among hematological cases under unfavorable conditions of our hematology ward. Unfavorable ward conditions, including shared toilets, housing attendants with patients, close contact between patients and attendants, frequent antibiotic use for infections, and immuno-suppression, were likely to have caused the high VRE colonization rates in our study. Those rates occurred in spite of infection control program for patients and their attendants as well as restricted use of glycopeptide and antianaerobic antibiotics in our hematology ward. Even if blood cultures are negative, episodes of VRE-related bacteremia should be considered in patients with neutropenia undergoing antimicrobial therapy and in those who present with persistent fever as well as worsening clinical signs and symptoms. Active VRE therapy should be initiated in such cases, because the mortality rates in patients colonized with VRE are 2.5 times higher than those of patients colonized with VSE.[@b31-tcrm-10-743]

Prolonged and deep neutropenia, prolonged multiple antibiotic use, and unfavorable conditions were more likely to result in a higher incidence of IFIs in our cases. Colonization with yeast is commonly seen in hematology patients due to compromised immune status, use of broad-spectrum antibiotics, colonization of several body sites, disruption of physiological barriers in the digestive tract, and other factors.[@b32-tcrm-10-743] Hematology patients have a 12.5 times higher risk for candidemia related to use of multiple broad-spectrum antibiotics.[@b33-tcrm-10-743] AML, which poses a high risk for IFI, was diagnosed in 13 of 18 cases with fungal BSIs. Non-albicans *Candida* species caused most of the fungemia episodes in our cases. *C. parapsilosis* was isolated in one third of fungemia episodes in our patients. Whilst *C. parapsilosis* is commonly isolated from patients with vascular catheters and parenteral nutrition, *C. tropicalis* causes fungemia episodes in patients with cancer and neutropenia.[@b34-tcrm-10-743],[@b35-tcrm-10-743] *C. krusei* and *C. glabrata* fungemias generally occur in patients with previous exposure to azoles.[@b35-tcrm-10-743] A few studies from Turkey, USA, and Asia have reported that non-albicans species predominated among other species in candidemia episodes as *C. parapsilosis* predominated in our study, whereas other studies from Turkey and Europe revealed in favor of *C. albicans*.[@b36-tcrm-10-743]--[@b39-tcrm-10-743] Whilst three of nine (33%) patients whose catheters were removed died, five of nine (55%) patients whose catheters were not removed survived. Although previous studies recommended removal of the catheter after identifying candidemia, Nucci et al reported that catheter removal by 24 or 48 hours after treatment initiation had no effect on overall treatment response, mortality, or mycological eradication rates in an analysis of 842 patients.[@b40-tcrm-10-743] Catheter removal should be evaluated with regard to the benefits and harms caused to the patient. Severity of illness and underlying conditions in patients are more likely to influence treatment response rates and the prognosis. In a study reported by Yıldırmak et al, urinary catheterization, immunosuppressive therapy, APACHE II score (≥16), and hypoalbuminemia were described as independent risk factors for fatal candidemia.[@b37-tcrm-10-743] The overall incidence of candidemia in adults was calculated to be 4.19 episodes/10,000 admissions in the hospital where their study was performed. From 2006 to 2011, incidence density rates were calculated as 2.38 (n=5), 3.57 (n=15), 5 (n=21), 5.47 (n=23), 4.04 (n=17), and 3.8 (n=16) per 10,000 admissions.[@b37-tcrm-10-743]

IFIs that occur in hematology patients due to chemotherapy and immunosuppression lead to frequent and prolonged antifungal therapy, including azole antifungal drugs such as voriconazole, itraconazole, and fluconazole. Fungal pathogens resistant to voriconazole, fluconazole, amphotericin B, and itraconazole were isolated in 10 of 19 cases who had exposure to azole antifungal drugs. Of the six cases whose antifungal drugs, including voriconazole (n=2) and caspofungin (n=1), have been switched to sensitive antifungal agents, three died due to voriconazole resistance (n=2) and caspofungin resistance (n=1). Azole resistance has been emerging due to reported fluconazole resistance at 0.3%--10% and voriconazole-resistant *Candida* species that were isolated from patients who had a history of voriconazole therapy.[@b37-tcrm-10-743],[@b42-tcrm-10-743] Due to the fact that delayed or inappropriate antifungal treatment impairs survival rates, if a blood culture from a hematology patient yields yeast or fungi, antifungal treatment should be initiated taking into consideration local antifungal resistance status appropriately and rapidly. Since our three cases died even though antifungal therapy was switched to appropriate therapy.[@b43-tcrm-10-743]

*T. asahii* and *G. capitatum* emerged as a cause of death in our patients with BSIs. Trichosporon was reported as the second most common cause of disseminated yeast infections and it can cause breakthrough fungal infection under CAS treatment as occurred in our study.[@b44-tcrm-10-743] Triazole (fluconazole, voriconazole) therapies are recommended with removing of central lines.[@b45-tcrm-10-743] *G. capitatum* caused two fungemia episodes that one case died under voriconazole treatment and other one case survived with voriconazole treatment and catheter removal achieving clinical and microbiological responses. *G. capitatum* (formerly called *Trichosporon capitatum*) is part of the normal flora of the human digestive and respiratory tracts and skin, and may become a pathogen in the event of disruption of the physiological barriers in the digestive tract in patients receiving chemotherapy.[@b46-tcrm-10-743] The catheter should be initially removed in the event of cultivation of *G. capitatum* in blood culture. Voriconazole and micafungin were reported to be successful treatment regimens.[@b47-tcrm-10-743]

BSIs, which commonly occur during febrile neutropenic episodes by GNB in patients with hematological malignancies should be treated with non-carbapenem-based antip-seudomonal antibiotic initially taking into consideration antimicrobial stewardship. Carbapenem resistance and then colistin based therapy should be considered in patient with risk factors for colonization or infection caused by carbapenem resistant bacteria. Non-azole antifungal drugs, including caspofungin and liposomal amphotericin B, should be preferred as empirical antifungal therapy in the event of possible or probable IFI with an absence of pulmonary findings due to increased azole resistance. However, *T. asahii* and *G. capitatum* should be kept in mind as emerging fungemia pathogens, taking into consideration voriconazole therapy and catheter removal.
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###### 

Hematologic malignancies

  Hematologic malignancies                               n (%)
  ------------------------------------------------------ ---------------
  Acute myeloblastic leukemia                            73 (58)
  Acute lymphocytic leukemia                             22 (17)
  Non-Hodgkin lymphoma                                   7 (5)
  Chronic lymphocytic leukemia                           5 (4)
  Multiple myeloma                                       5 (4)
  Hairy cell leukemia                                    4 (3)
  Aplastic anemia                                        3 (2)
  Chronic myeloid leukemia                               2 (2)
  Plasma cell leukemia                                   2 (2)
  Mantle cell lymphoma                                   2 (2)
  Chronic lymphocytic leukemia with Burkitt's lymphoma   1 (1)
  **Total**                                              **126 (100)**

###### 

Bacteria isolated from bloodstream infections in hematology patients

                                                                  n (%)          Fatal isolate (n)
  --------------------------------------------------------------- -------------- -------------------
  Extended-spectrum beta-lactamases (−) *Escherichia coli*        14 (21)        2
  Extended-spectrum beta-lactamases (−) *Klebsiella pneumoniae*   8 (12)         
  Vancomycin-sensitive *Enterococcus faecalis*                    6 (9)          3
  Carbapenem-sensitive *Pseudomonas aeruginosa*                   6 (9)          
  Extended-spectrum beta-lactamases (+) *K. pneumoniae*           5 (8)          
  Carbapenem-resistant *Acinetobacter baumannii*                  4 (6)          2
  Methicillin-resistant *Staphylococcus aureus*                   4 (6)          2
  Extended-spectrum beta-lactamases (+) *E. coli*                 3 (5)          
  Methicillin-sensitive *S. aureus*                               2 (3)          
  Vancomycin-resistant *Enterococcus faecium*                     2 (3)          1
  Vancomycin-sensitive *E. faecium*                               2 (3)          1
  *Ochrobactrum anthropi*                                         1 (1.5)        
  Methicillin-resistant coagulase-negative staphylococci          1 (1.5)        
  Extended-spectrum beta-lactamases (−) *Klebsiella oxytoca*      1 (1.5)        
  *Stenotrophomonas maltophilia*                                  1 (1.5)        
  Carbapenem-resistant *P. aeruginosa*                            1 (1.5)        1
  Carbapenem-resistant *Serratia marcescens*                      1 (1.5)        
  *S. marcescens*                                                 1 (1.5)        
  *Serratia ficaria*                                              1 (1.5)        
  *Citrobacter koseri*                                            1 (1.5)        
  *Enterobacter cloacae*                                          1 (1.5)        
  **Total**                                                       **66 (100)**   

###### 

Fungal pathogens and treatment responses of patients with bloodstream infections

  Patient   Age   Sex      Hematologic malignancy   Sample                Fungal pathogen          Antifungal resistance   History of azole exposure   Empirical antifungal treatment before identification   Treatment modification                  Outcome
  --------- ----- -------- ------------------------ --------------------- ------------------------ ----------------------- --------------------------- ------------------------------------------------------ --------------------------------------- ----------
  1         32    Male     AML                      Blood                 *Candida parapsilosis*   VOR, FLC                \+                          CAS                                                    --                                      Survived
                                                    Blood                 *C. parapsilosis*        VOR, FLC                \+                          CAS                                                    --                                      Survived
                                                    Blood                 *Candida glabrata*       FLC                     \+                          L-AmB                                                  Central line removed                    Survived
  2         51    Male     AML                      Blood                 *C. parapsilosis*        VOR, FLC                \+                          CAS                                                    Central line removed                    Survived
                                                    Blood, wound          *C. parapsilosis*        VOR, FLC                \+                          VOR                                                    From VOR to AmB                         Died
  3         32    Male     AML                      Blood                 *C. parapsilosis*        VOR, FLC                \+                          CAS                                                    --                                      Survived
                                                    Blood                 *C. parapsilosis*        VOR, FLC                \+                          VOR                                                    From VOR to L-AmB                       Survived
  4         52    Female   ALL                      Blood                 *Geotrichum capitatum*   FLC, ITR                −                           CAS                                                    Central line removed                    Survived
                                                    Blood                 *G. capitatum*           FLC, ITR                \+                          VOR                                                    --                                      Died
  5         60    Female   ALL                      Blood                 *Candida albicans*       VOR, ITR, FLC           −                           CAS                                                    --                                      Survived
  6         21    Female   Aplastic anemia          Blood                 *C. albicans*                                    −                           CAS                                                    --                                      Survived
  7         33    Male     AML                      Blood                 *G. capitatum*           FLC                     −                           VOR                                                    Central line removed                    Survived
  8         55    Female   AML                      Blood                 *Trichosporon asahii*    AmB                     \+                          CAS                                                    Central line removed                    Died
  9         63    Female   AML                      Blood                 *T. asahii*              AmB                     \+                          L-AmB                                                  From AmB to VOR, central line removed   Died
  10        45    Female   AML                      Blood                 *T. asahii*              AmB, ITR                −                           CAS                                                    Empirically switched to VOR             Died
  11        50    Male     AML + lung cancer        Blood                 *C. parapsilosis*                                \+                          VOR                                                    From VOR to AmB, central line removed   Survived
                                                    Blood                 *C. albicans*            −                       \+                          VOR                                                    --                                      Survived
  12        62    Female   AML                      Blood, sputum         *C. parapsilosis*                                \+                          VOR                                                    From VOR to CAS, central line removed   Died
  13        61    Male     AML                      Blood, urine          *C. albicans*                                    \+                          CAS                                                                                            Died
  14        73    Female   NHL                      Blood, central Line   *C. albicans*                                    \+                          L-AmB                                                  Central line removed                    Survived
  15        35    Male     AML                      Blood                 *C. albicans*                                    \+                          CAS                                                                                            Survived
  16        44    Female   ALL                      Blood                 *C. albicans*                                    \+                          L-AmB                                                                                          Survived
  17        63    Female   AML                      Blood                 *Candida krusei*                                 \+                          VOR                                                    --                                      Survived
  18        51    Female   AML                      Blood                 *C. albicans*            --                      \+                          VOR                                                    --                                      Survived

**Note:** There were 1--10 cases in the first year and 11--18 cases in the second year.

**Abbreviations:** AML, acute myeloblastic leukemia; ALL, acute lymphocytic leukemia; CLL, chronic lymphocytic leukemia; NHL, non-Hodgkin lymphoma; BAL, bronchoalveolar lavage; VOR, voriconazole; L-AmB, liposomal amphotericin B; CAS, caspofungin; FLC, fluconazole; ITR, itraconazole; AmB, amphotericin B.
